Background Patients with ulcerative colitis (UC) are at an increased risk of Clostridium difficile infection (CDI) compared with the general population. Recent data suggest that obesity also increases the risk of CDI. Aims To examine whether obesity influences the risk of CDI among patients with UC. Study We conducted a retrospective cross-sectional study of UC patients seen in gastroenterology clinic between January 1, 2014, and December 31, 2015. Records were reviewed for patients with the diagnosis of UC prior to 2014, and the first diagnosis of CDI between January 1, 2014, and December 31, 2015. Using body mass index (BMI), patients were classified into underweight (BMI < 18.5), normal weight (18.5 ≤ BMI < 25), overweight (25 ≤ BMI < 30), and obese (BMI ≥ 30). Ageadjusted and multivariate logistic regression was performed including gender, tobacco use, UC disease duration, medication exposure, and vitamin D deficiency. Results Of the 636 patients with UC, 114 (18%) were obese, 232 (36%) overweight, 274 (43%) normal weight, and 16 (2.5%) underweight. Nineteen patients (3.0%) developed CDI during the study period. CDI risk was not associated with BMI (OR 0.90, 95% CI 0.79-1.02). Compared to normal weight patients, risk of CDI was not influenced by being obese (multivariate OR 0.63, 95% CI 0.15-2.58), overweight (multivariate OR 0.33, 95% CI 0.08-1.30), or underweight (multivariate OR 2.98, 95% CI 0. 45-19.83). CDI was associated with ever use of TNF therapy (multivariate OR 6.09, 95% CI 2.07-17.93) but not vedolizumab (multivariate OR 0.76, 95% CI 0.08-7.36). Conclusions Obesity does not appear to be associated with the risk of C. difficile infection among patients with UC.
Introduction
Clostridium difficile is the leading cause of nosocomial diarrhea in the USA, with an increasing incidence in the community setting. C. difficile infection (CDI), particularly with a hypervirulent strain (B1/NAP1/027), can result in significant morbidity and mortality [1] . Risk factors for CDI include increasing age, hospitalization, antibiotic use, proton pump inhibitor use, recent surgery, and comorbidities such as inflammatory bowel disease, diabetes, or chronic kidney disease [2] . Inflammatory bowel disease (IBD), including both Crohn's disease and ulcerative colitis (UC), is independently associated with a two-to threefold increased risk of CDI compared with the general population, with higher rates of flare and colectomy resulting from infection [3] . Therefore, there remains an important need to identify risk factors for the development of CDI in this population.
Recent data also suggest that obesity may be an independent risk factor for the development of CDI. A retrospective case-control study examining hospitalized patients with CDI found an elevated mean body mass index (BMI) of 33.6 (SD 4.3) versus 28.9 (SD 5.4) associated with CDI compared to non-CDI controls, respectively [4] . Mulki et al. [5] recently 1 3 also demonstrated a 1.7-fold increased risk of severe CDI among hospitalized patients with a BMI > 35 kg/m 2 compared to normal and overweight individuals (BMI 20-35 kg/ m 2 ). However, in a cross-sectional study of hospitalized patients with CDI and non-CDI controls, no significant difference was observed between median BMI or at various BMI categories, suggesting obesity may not impact CDI risk across all populations [6] .
Obesity is also becoming more common among patients with IBD, associated with an increase in fat mass due to steroids and physical inactivity [7] , inadequate nutrition [7] , and drug-induced remission [8] . Increases in BMI are associated with higher rates of loss of response to infliximab [9, 10] . With respect to C. difficile infection, among patients with pouchitis and underlying IBD, obesity increased the risk of CDI (OR 5.5, 95% CI 1.4-21.4) in a large cross-sectional study of 3566 patients with pouchitis [11] . The propensity toward CDI in patients with IBD or obesity may be attributable to alterations of the gut microbiome. C. difficile is an anaerobic Gram-positive, spore-forming bacillus microorganism belonging to the Firmicutes family. An increased Firmicutes/Bacteroidetes ratio has been identified among patients with IBD [12] as well as patients with obesity [13] and is associated with the development of CDI [14] .
With similar underlying dysbiosis contributing to CDI risk in UC and obesity, the aim of our study was to examine whether obesity in the setting of UC increases the risk of CDI.
Materials and Methods

Study Design and Patient Population
We performed a retrospective, cross-sectional study utilizing electronic medical records (EMR), available after 2010, of unique patients with ulcerative colitis (UC) seen between January 1, 2014, and December 31, 2015, at the Scripps Clinic Division of Gastroenterology. Patients with UC were identified using the International Classification of Diseases, Ninth Revision (ICD-9) codes (556.X). The diagnosis of UC was confirmed based on chart review for standard clinical, endoscopic, and histopathologic criteria [15] , and diagnosis was required to precede the at-risk study period of January 1, 2014, and December 31, 2015, during which diagnoses of CDI were ascertained. Patients were excluded from the study if they were less than 18 years of age, had diagnosis of CDI prior to the study period, or underwent colectomy prior to the study period.
Definition of Outcome
The primary outcome of this study is the development of Clostridium difficile infection (CDI).
Variable Definitions and Data Record
CDI was identified initially using ICD-9 (008.45) and confirmed through manual chart review of provider notes and documentation of positive testing for CDI (C. difficile toxin B PCR, or combined C. difficile antigen/toxin assay that relies on glutamate dehydrogenase to detect antigen and enzyme immunoassay for toxin; test performed based on provider order). Data recorded included demographic information, UC history (year of onset, year of diagnosis, hospitalizations), tobacco use, prescription information (including treatment for UC, as well as exposure to proton pump inhibitors (PPI), systemic steroids, or antibiotics within 3 months of CDI diagnosis), medical comorbidities, previous hospitalizations (within 6 months of CDI), previous IBD-related or other abdominal surgeries, most recent colonoscopy prior to CDI diagnosis (including Mayo endoscopic subscore), and clinical course of CDI (including UC flare).
Using height and weight (at the date of last follow-up visit with gastroenterologist between 2014 and 2015) from the EMR, we calculated body mass index (BMI) to classify patients as underweight (BMI < 18.5), normal weight (BMI 18.5-24.9), overweight (BMI 25.0-29.9), and obese (BMI ≥ 30).
Statistical Analysis
In the cross-sectional study, we examined patients with UC with at least one follow-up visit with a gastroenterologist between January 1, 2014, and December 31, 2015. As a cross-sectional study, we looked at the risk of a diagnosis of CDI during this study period. Unpaired t test, Chi-squared analysis, ANOVA, and Fisher's exact tests were used for between-group comparisons. Conditional logistic regression was used to calculate odds ratios for the cross-sectional study and presented as age-adjusted analyses. In the age-adjusted analyses, exposure to TNF was the only variable significantly associated with the development of CDI and therefore was included in a limited multivariate logistic regression model including age and gender. An additional multivariate conditional logistic regression model of clinically relevant variables including age, gender, tobacco use, UC disease duration, medication exposure, and vitamin D deficiency was performed to evaluate potential confounders, and it did not affect statistical efficiency. Multivariate linear regression was used to evaluate BMI and CDI risk. All analyses were performed using StataMP 13 (STATA Corp., College Station, TX). Continuous variables are reported as means with SDs. Categorical variables are reported as counts and percentages. All analyses used 2-sided statistical tests.
Ethics Board Approval
The study protocol was approved by the Scripps Institutional Review Board.
Results
The final study cohort included 636 patients with ulcerative colitis (48% male, mean age 54 ± 17 years) ( Table 1) . Average disease duration of UC was 15.2 years (SD 12.5). When classified according to BMI, 114 (18%) were obese, 232 (36%) overweight, 274 (43%) normal weight, and 16 (2.5%) underweight.
Among the 636 patients with UC examined for this study, 19 (3.0%) patients developed CDI during the follow-up period. There were no statistically significant differences in baseline characteristics between UC patients with and without CDI ( Table 2) .
The majority of CDI cases (n = 17, 89%) were community-acquired CDI, and the remaining two were hospital-acquired cases. With respect to medication exposure in the 3 months preceding CDI diagnosis, five patients with UC (26%) had received antibiotics, two (11%) received systemic steroids (steroid use was within 1 month of CDI diagnosis for both cases), and three (16%) were on PPI therapy. Six patients (32%) were hospitalized within the preceding 6 months of CDI diagnosis. Three patients (16%) had a history of diabetes mellitus. At the time of CDI diagnosis, five patients with UC (26%) were on anti-TNFα therapy (two patients in combination with thiopurine) and one (5%) patient on tofacitinib. Six patients (32%) developed UC flare attributed to CDI. Among the six patients with CDIassociated UC flares, three patients required hospitalization, with one ultimately requiring total colectomy and another requiring anti-TNFα for rescue therapy. The three patients managed as outpatients resolved their flare with concomitant vancomycin and corticosteroid treatment.
Risk of CDI by BMI Category
Based on BMI, patients with UC were classified as underweight, normal weight, overweight, or obese (Tables 1,  2 Because of the small number of patients with CDI, we also ran the model using BMI as a linear variable. Changes in BMI were associated with the risk of CDI on univariate analyses (age-adjusted OR 0.87, 95% CI 0.77-0.99), but not multivariate analyses (OR 0.90, 95% CI, 0.79-1.02).
Discussion
Obesity does not appear to influence the risk of CDI among patients with UC. Our study represents the first study examining the association of obesity and CDI in patients with UC. Several studies have demonstrated an increased risk of CDI among patients with IBD, including ulcerative colitis [3, 16] . A few studies have also demonstrated an association between obesity and CDI [4, 5] . Thus, it was interesting to observe that obesity did not increase the risk of CDI among patients with UC compared to other BMI categories.
Our study did not demonstrate an association with obesity and CDI in UC patients, but did identify on both ageadjusted and multivariate analyses an increased risk of CDI in UC patients with ever exposure to anti-TNF therapy. Disease severity and immunosuppression are considered significant risk factors for the development of CDI in IBD. Corticosteroids have an approximately two-to threefold increased risk of CDI in IBD [17] . Whether the risk of CDI is increased among patients with IBD exposed to anti-TNF therapy is unclear, and this may be a consequence of disease severity rather than the therapy itself. In a retrospective cohort study of 503 patients with recurrent CDI, biologic therapy, and in particular, infliximab, was associated with recurrent CDI [18] . It must also be noted that vedolizumab utilization was low in our cohort, likely due to its approval during our study period (at-risk study timeframe from January 1, 2014, to December 31, 2015; vedolizumab approval from Food and Drug Administration in May 2014). Thus, our study is limited in its ability to assess for association between CDI and anti-integrin therapy. Alterations of the gut microbiome composition and abundance, or dysbiosis, play a vital role in the risk of CDI in the general population, which is evidenced by the successful use of fecal microbiota transplantation for the treatment of CDI. Dysbiosis in inflammatory bowel disease is manifested as alterations in the diversity and composition of the gut microbiome, with decreases in the proportions of Bacteroidetes and increases in Firmicutes, Proteobacteria, and Actinobacteria among patients with IBD [12] . An increased Firmicutes-to-Bacteroidetes ratio in the gut microbiome has also been demonstrated in independent cohorts of patients with obesity and CDI. The results of our study would suggest that coexisting UC and obesity do not synergistically increase the risk of CDI, but perhaps the underlying resulting dysbiosis associated with these conditions results in the increased risk of CDI seen independently in these conditions. Strengths of our study include a large sample size and a well-defined population. We identified a 3% prevalence of CDI among UC patients, whether diagnosed as communityacquired or hospital-acquired CDI, and this is lower or comparable to rates described for other IBD cohorts [16, 19] . The prevalence of CDI among obese versus normal patients was 2.8 and 4.2%, respectively, and based on our sample size, we cannot rule out the possibility of a type 2 error. Limitations of our study include its cross-sectional design, which reduced our ability to identify risk factors for CDI in relation to its incidence. As a retrospective study relying on an electronic medical record, it is possible that not all cases of CDI were captured among our patient cohort, particularly if they were seen by providers not utilizing our health record system for data capture. However, our prevalence estimates would suggest that rates of CDI capture were mostly complete.
In conclusion, our study suggests that obesity does not appear to influence the risk of CDI among patients with UC. Ultimately, there are several factors that contribute to a patient's risk of developing CDI. Exposure to TNF therapy appears to be associated with CDI, but this may be attributable to underling IBD severity as well as prior or concomitant exposure to antibiotics, corticosteroids, and immunosuppressants. Further study is warranted with respect to other factors that may play a role in CDI in UC patients, as CDI remains a significant burden in the IBD population.
